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Modified force field with optimized π bond orders
In order to ensure that the electronic structure of the frontier orbitals, which depends largely on the geometry of the aromatic backbone of the H2-OBPc molecule, remains consistent along the molecular dynamics (MD) simulation, the standard MM3 force field 1 has been modified as follows. The bond orders of the bonds involved in the π-system have been i) optimized to match the equilibrium bond lengths obtained from a quantum chemistry (QC) geometry optimization 
S3
2. Excitation energies of the H2-OBPc monomer and excitonic couplings in H2-OBPc dimers Figure S1 displays the excitation energies, oscillator strengths and description of the first two singlet excited states of the H2-OBPc molecule at the crystal structure as well as the frontier molecular orbitals involved in the electronic transitions and the orientation of the transition dipole moments for S1 and S2 computed at the LC-ωPBE/6-31G** level. The first two excited states S1 and S2 calculated at 1.73 and 1.74 eV can be described as one-electron promotions from the highest occupied molecular orbital (HOMO) to the lowest unoccupied molecular orbitals (LUMO and LUMO+1). The S1 and S2 states present transition dipole moments polarized in almost perpendicular directions with similar oscillator strengths. 
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In the H2-OBPc dimers, the diabatic Hamiltonian (obtained with the method described in the main text, section Methods 1) has the following structure: Figure S2 shows a comparison between the intermolecular excitonic couplings computed with the 3-21G* and 6-31G** basis sets as a function of the intermolecular distance between the planes formed by the isoindole groups. Although the difference between the excitonic couplings computed with the small 3-21G* and the larger 6-31G** basis sets is significant, the distance dependence is qualitatively the same. There is a systematic error associated with the smaller basis set which is expected to have little effect on the values of the couplings averaged over the MD simulation and does not justify the large computational cost of performing ~500 calculations at the TDDFT/LC-ωPBE/6-31G** level. In principle, the couplings obtained with the 3-21G* basis set could be corrected using a scaling factor obtained from a fitting of the data shown in Figure S2 , but the difference in the values of the excitonic couplings is not expected to affect significantly the findings of this work. S13   Table S1 and show that none of the correlations is particularly strong. The largest value is found for the couplings Jxx and Jxy. The values of these couplings for all MD snapshots, reported in Figure S9 , suggest that there is no significant correlation between them. We can therefore safely assume that all couplings in dimers A and B are uncorrelated. Table S1 . Correlations 
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4.
Local exciton-phonon couplings and adiabatic potential energy surfaces for the excitation energy transfer. Figure S10 represents the potential energy surfaces for the ground state (S0) and first excited state (S1) of the two molecules (labeled as 1 and 2) involved in the exciton transfer process.
The intramolecular reorganization energy consists of two terms related to the geometry relaxation energies of one molecule going from the fully relaxed ground state to the electronic excited state ( Figure S10 , left) and a neighboring molecule evolving in the opposite way ( Figure S10 , right),
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Here, S17 Figure S13 shows the time evolution of the exciton wavefunction and temperature averaged squared displacement versus time using the parameters of Table 2 
